Both methods yield good evidence that gas-to-dust variations that vary by a factor of 3, both high and low, exist along many lines-of-sight in our Galaxy.
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Introduction
Maps of line-of-sight Galactic reddening (Burstein & Heiles 1978b ) ushered in a new era in astronomy in which reddenings could be reliably predicted along arbitrary lines-of-sight.
These maps supplanted the cosecant laws previously used to make such predictions (e.g., de Vaucouleurs, de Vaucouleurs, & Corwin 1976) . The more recent method for predicting line-of-sight reddening (Schlegel, Finkbeiner, & Davis 1998 ) is also differentially accurate in its predictions, but assumes a zero point ∼ 0.02 mag higher in E(B-V) than does the (NED) website (nedwww.ipac.caltech.edu) shows that this difference in zero point produces a large difference in predicted B mag extinction (4.315 × 0.02 = 0.086 mag), and belies the actual good differential agreement between the two reddening predictions found in the present paper. Yet it is the 20-year experience of this author that very few astronomers take cognizance of this zero point issue. Schlegel et al. further claim that their method is significantly more differentially accurate than the Burstein & Heiles method (see the abstract and Sec. 5 of their paper). §2 of the present paper presents the (B-V) 0 -Mg 2 data for gE galaxies used for the reddening calibration tests in both this paper and in Schlegel, Finkbeiner, & Davis (1998) .
These data are a significant advance in calibrating differential reddening predictions over what was available from globular clusters and RR Lyrae stars in Burstein & Heiles (1978b) .
In §2, via a set of four coupled least-squares equations, 1σ errors are explicitly derived in a least-squares sense for the Burstein & Heiles and the Schlegel et al. reddening predictions, as well as for the (B-V) 0 -Mg 2 relation for gE galaxies. §3 discusses various related issues, -4 -including: reddening at the North Galactic Pole (NGP); HI gas-to-dust variations in the interstellar medium (ISM); minimum line-of-sight reddenings; the stellar populations of gE galaxies; and systematic issues surrounding reddening predictions. The case in made in §4 that the zero point difference between the Burstein & Heiles reddening predictions and the Schlegel et al. reddening predictions is due to Schlegel et al. overpredicting reddenings in directions where gas-to-dust ratios are high. The major findings of this paper are summarized in §5.
Accuracy of the Reddening Predictions

The Reddening Calibration Data: Elliptical Galaxy Stellar Populations
The reddening prediction method developed by Burstein & Heiles (Burstein & Heiles 1978a ,b, 1982 , 1984 , hereafter termed the "BH" method) uses the empirical fact that galaxy counts decrease with increasing extinction to monitor the varying HI column density-to-dust ratio that was discovered in Burstein & Heiles (1978b) . The availability of maps of infrared emission in the sky in the 1980's and 1990's made it feasible to make new line-of-sight predictions of reddening using observations of emission by dust (Schlegel, Finkbeiner, & Davis 1998 , hereafter termed the "IR" method), even if it is still not known what portion of the dust in the ISM produces the reddening that is seen in the optical (cf. Li & Greenberg 1997) . One must assume a relation between extinction and E(B-V) to calculate extinction from these methods (e.g., a value of 4.315 is assumed by Schlegel et al. to convert E(B-V) to A B ; BH used 4.0 for this conversion for reasons discussed in Burstein & Heiles (1978b) ).
Neither set of reddening prediction methods directly measures the dust that is doing the line-of-sight reddening. Rather, each must assume a relationship between the measured quantity and the line-of-sight reddening. Both are therefore "differential" predictions of -5 -line-of-sight reddening which need to be calibrated with external data. Burstein & Heiles (1978b) calibrated their method using globular cluster and RR Lyrae star reddenings.
Since that time, the integrated stellar population properties of giant elliptical (gE) galaxies have been found to be so uniform that they can be used for accurate differential reddening measurements Faber et al. 1989 ).
At their request, this author provided Schlegel et al. with a set of Mg 2 line strengths and (B-V) colors for gE galaxies taken from the 7 Samurai (Faber et al. 1989 ) database.
The database this author provided Schlegel et al. differs from that published in Faber et al. (1989) in one important respect. The Mg 2 -velocity-dispersion-(B-V) relationships (Bender, Burstein, & Faber 1993 ) among gE galaxies were used to put each subset of the 7 Samurai Mg 2 data on a consistent system.
2 The corrected Mg 2 measures for each data subset are then added back together with the rest of the 7 Samurai Mg 2 data, and new average values of Mg 2 for affected galaxies are calculated. Since this effectively produces a new set of data, the full set of these Mg 2 data are being made available with this paper (cf., Hudson 1999, where a portion of these data were also presented). Table 1 gives the first 10 lines of the reddening-related data used in this paper for elliptical galaxies; the full list for 402 gE galaxies is available via anonymous ftp from 2 Published Mg 2 values (cf. for several subsets of the 7 Samurai data have been modified: -0.012 mag added to LCO H1 data, 0.014 mag to LCO H2, +0.011 mag to LCO 2D, and +0.020 mag to AAT1. (The LCO H1, LCO H2, LCO 2D and AAT1 subsets refer to the telescopes and observing runs used by members of the 7 Samurai to obtain spectroscopic data for these galaxies. The LCO data was taken at the Las Campanas
Observatory, and the AAT data taken at the Anglo-Australian Telescope. The labels H1, H2, and 2D refer to the different spectrographic configurations used for the LCO spectra;
see Davies et al. for details.) -6 -samuri.la.asu.edu/pub/burstein/bvmg2 (bvmg2 Table 1 burstein03.lst). 13 gE galaxies do not have direct BH or IR reddenings (see the notes to Table 1 for details). A further 11 gE galaxies in the region 230
• were found in Lynden-Bell et al.
(1988) and Burstein et al. (1987) to have HI-only BH reddening predictions that are a factor of two too high (These galaxies are given in the notes to Table 1 and are noted in the ASCII version of this table by an asterisk in their names.) Burstein et al. predicted reddenings for these 11 galaxies use the (B-V) 0 -Mg 2 relation, so 7 Samurai reddenings cannot be used for these galaxies. Rather, the values of E(B-V) for these 11 galaxies predicted from the BH method have been uniformly halved to go with the higher gas-to-dust ratio found by the 7
Samurai. (The reddenings for these 11 galaxies are separately discussed below.) It may be a bit confusing, but it should be noted that an additional 11 galaxies within a smaller region (see notes to Table 1) did not need to have their reddenings so-corrected in the 7 Samurai database. These other 11 galaxies include several which are as reddened as the galaxies that do require gas-to-dust corrections. Evidently, this southern region has a mixture of regions of high gas-to-dust ratios and regions of normal gas-to-dust ratios.
Twenty-four (24) galaxies are thus objectively excluded from the least-squares error-determination analysis of this paper. This yields 378 gE galaxies with direct BH and direct IR reddening predictions. To make sure that the reddenings used for the IR method are those in the public domain on the NASA Extragalactic Database (NED) website, the NED group kindly provided this author with the IR reddenings for the galaxies in this sample. 
Observational and Intrinsic Accuracies of Reddening Methods
The 378 gE galaxies are divided into three samples: those with reddenings E(B-V)≤0.100 averaged from both methods (the "low" reddening sample); those with E(B-V)> 0.100 (the "high" reddening sample), and the full sample taken as a whole. (The rationale for separating galaxies into low/high reddening directions is given below IR and BH reddening predictions first must be placed on the same zero point scale.
This can be done in two ways, using all 378 galaxies: a) Zeroing IR predictions to BH predictions yields a median offset of 0.016 mag in E(B-V), which si then subtracted from the The slight difference (0.003 mag) in zero point difference calculated these two ways is because negative BH reddenings are routinely given for the BH method, owing to the existence of HI gas with no measured reddening. BH acknowledged from the outset that the their zero point could be in error by 0.01 mag in E(B-V) (cf. Burstein & Heiles 1982) .
While negative values of reddening are explicitly calculated in the BH method, these predicted reddenings are set to zero if they are used as reddenings (cf. Burstein & Heiles -8 -1984 It is assumed that all deviations from the (B-V) 0 -Mg 2 relation are due to a combination of random observational and cosmic errors for the reddening predictions and in the (B-V) 0 -Mg 2 relationship for gE galaxies. Handling the data in the manner described above gives 12 ways of looking at these data: two different zero points, two different slopes of the . This gives us four equations in four unknowns which relate the observable errors to these intrinsic errors:
Intrinsic errors are determined via a least-squares analysis. Table 2 gives the results of this least-squares analysis, two lines for each of the 12 ways of looking at these data (see the table notes for an explanation to Table 2 ). the average value of reddening for both samples of the data for each kinds of zero points these gE galaxies, now including the 11 high gas-to-dust galaxies in the 230
• region that were not included in the least-squares analysis. Different symbols are used to denote these 11 galaxies, as well as the 8 galaxies in the Perseus cluster (the most-reddened galaxies in this sample that are all in one direction), as these galaxies are discussed separately below. Figures 3a,b show the histograms of the scatter in the BH and the IR reddening predictions for these gE galaxies, again with the two subsets of highly-reddened samples distinguished; Figure 3a for BH vs. IR-0.016, Figure 3b for BH+0.019 vs. IR.
It is evident upon inspection that the distribution of reddening residuals for the low reddening galaxies (Figures 1) are reasonably Gaussian, consistent with the initial assumption that random errors dominate these data, and ex post facto justification of the least-squares analysis performed here. It is also evident that the reddening residuals for the high-reddened sample do not define a reasonable Gaussian sample (making their least-squares analysis a bit suspect), suggesting that other issues might be at play when line-of-sight reddening is high.
The 1σ least-squares error for the relationship of Mg 2 on (B-V) 0 is 0.027 mag for the -11 -low reddening galaxies (lines 2, 5, 8, and 11 of Table 2 )), as well as for the whole 378 galaxy sample (lines 1, 4, 7, and 10 of Table 2 ). Consistency of errors determined for the Mg 2 -(B-V) 0 relation for all low reddening subsets of these data further justifies the Gaussian assumption for the least-squares fits to these data.
Galaxies with high Galactic reddening are generally situated at low Galactic latitudes and/or in regions with irregular stellar foregrounds. This observer can attest to the difficulties in obtaining reliable (B-V) colors for such galaxies. Hence, a larger scatter in the Mg 2 -(B-V) 0 relation for high reddening galaxies was expected (and is the reason for dividing the data set into low and high reddening areas).
The 1σ agreement in reddening between the BH and IR methods for 378 gE galaxies is either 0.0144 mag (IR-0.016:BH) or 0.0158 mag (BH+0.019:IR), for an average 1σ scatter between these reddening predictions of 0.0151 mag. The 1σ errors of reddening predictions in low reddening directions are 0.006-0.009 mag for the IR method, and 0.011 mag for the BH method, with BH and IR predictions methods agreeing to an accuracy of 0.007 mag in these directions. In the high reddening areas (but excluding the "southern" region with high gas-to-dust ratios), errors remain 0.011 mag for the IR method but increase to 0.024-0.025 mag for the BH method. Line 2 of Table 2 also shows some evidence of skewness in the IR predictions for high reddening areas, yielding a mean of 0.005 mag when the median is chosen to be zero; the BH values for high reddening areas show negligible skewness.
Taking the 378 galaxy sample as a whole, the IR values yield more accurate reddenings based on these elliptical galaxy data than do the BH predictions, 0.007-0.009 mag to 0.013 mag. So, while Schlegel et al. were correct in stating that the IR method is more accurate than the BH method, in reality it is a difference in reddening predictions over most of the sky that is measured in millimags (i.e., a difference generally not detected by users of either method).
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ISM Issues and gE Stellar Populations
3.1. Polar reddening Burstein & Heiles (1982) give a major review of reddening at the Galactic poles, in which they determined the direction of lowest reddening (found at the North Galactic pole)
from the average reddening of BAF stars determine by both the uvbyβ method and the average interstellar polarization of those stars. In turn, this direction of lowest reddening (consistent with zero reddening as measured by these indicators) was used to determine the BH zero point. In contrast, Schlegel, Finkbeiner, & Davis (1998) determine the average reddening at the NGP by directly measuring infrared emission, and assuming a one-to-one relation between IR dust emission (modulated by dust temperature) and reddening. Hence, in both methods, the zero points assumed and the average value of reddening at the Galactic poles are linked.
Since Burstein & Heiles (1982) , various authors have tried to show that the reddening at the NGP is more than obtained in that review, Schlegel et al. included. Schlegel et al. give two arguments in support of their finding non-zero reddening at the NGP: First, they cite the study of Teerikorpi (1990) , which claims that low reddening at the NGP is an artifact due to stellar samples which select against more reddened stars (a type of selection effect previously pointed out by Burstein & Heiles (1978a) 4 and 5 of that paper, including that for the nearest stars (for which no selection bias is claimed in Teerikorpi's analysis). This suggests more a calibration error in the reddening predictions for the bluest stars in his sample, rather than the kind of reddening-dependent selection effect proposed by Teerikorpi. This calibration error would also explain the higher reddening that Teerikorpi obtains from the uvbyβ data than was obtained by Burstein & Heiles (1982) .
3. It is stated that there is a general reddening of E(B-V) = 0.04 mag over the whole NGP. Yet, the average E(B-V) determined by the IR method is 0.015 mag, averaged over 10
• around the NGP (Schlegel, Finkbeiner, & Davis 1998) , and that of BH is consistent with this picture, but at a bit less reddening. Berdyugin & Teerikorpi (cf. 2002) have also recently published new polarization measurements of stars at the NGP. Their measurements indicate large regions around the NGP where no polarization of starlight is measured, consistent with the directions absent of stellar polarizations found by Appenzeller (1975) and Markannen (1979) It is relevant here that Burstein & Heiles (1978b) and Burstein & Heiles (1982) point out that high gas-to-dust ratios exist preferentially as halos around nearby OB associations at low latitudes. (Those high gas-to-dust ratios cannot be due to either molecular clouds, or -14 -missing HI flux in the HI maps used by Burstein & Heiles (a suggestion made by Boulanger, et al. (1996) ), as both effects would lower the gas-to-dust ratio, not raise it.)
Not all the dust that produces emission produces reddening in the UV and optical (cf.
Li & Greenberg 1997); a point also made by Schlegel et al. However, the halos of the OB associations tell us that the outflows from these associations can diminish the reddening from the dust while not diminishing the HI gas. It is known that our solar system is passing through an HI superbubble of the type originally identified by Heiles (1979) (cf. discussion in Strittmatter, et al. 1984) . Hence, our Sun is now within a region that is analogous to the outflow halos of the OB associations, so by analogy, high gas-to-dust ratios are likely at high Galactic latitudes. Greenberg & Li (1995) suggest that high gas-to-dust regions could be due to the outflows whittling down the ice mantles on the dust such that more small grains are produced relative to larger grains, reducing the UV and optical extinction.
In summary, the NGP has a patchy distribution of low amounts of reddenings, including directions where E(B-V)<< 0.01 mag with no measurable polarization of the stars. Yet, in all directions in the NGP, there are quite measurable amounts of HI column density. The conclusion arrived at by BH in 1982 still stands, namely that the NGP is a region where the gas-to-dust ratio is high.
Gas-to-dust variations
The dust-to-gas map ( Figure 11 ) in Schlegel, Finkbeiner, & Davis (1998) shows gas-to-dust ratio variations of a factor of 3, both high and low. This is consistent with what was found in Burstein & Heiles (1978b) . Schlegel et al. also find there are significant gas-to-dust ratio variations in directions where they also find low reddenings (their Table 5 ).
Among the 9 of the 18 directions with HI measures, the HI-to-dust emission ratio varies by -15 -nearly a factor of three. Hence, gas-to-dust variations along lines-of-sight in our Galaxy are real and pervasive.
Partly to study gas-to-dust variations, Boulanger, et al. (1996) combined their Leiden/Dwingeloo HI survey with COBE IR data, but restricted their analysis to regions with HI column densities of less than 5 × 10 20 cm −2 (224 BH units of HI column density).
This limits their investigation to northern Galactic latitudes > 65
• . Boulanger, et al. (1996) find no variation in gas-to-dust ratio in their analysis. Yet, it is precisely at high Galactic latitudes that the BH method assumes a constant HI gas-to-dust ratio to predict accurate reddenings. Hence, there is no disagreement between the BH conclusions and those of Boulanger, et al. about the relative constancy of gas-to-dust ratios at high northern Galactic latitudes. And, conversely, the Boulanger et al. analysis says nothing about
gas-to-dust ratio variations in the Galaxy at lower Galactic latitudes
It is evident that something has to happen to the dust to make its reddening characteristics get lower relative to the HI gas when it is found in regions of outflow around OB associations. Given that the most likely origin of Heiles-type HI superbubbles are interactions with outflow winds of OB stars and supernovae, it is likely that the dust emission seen at high galactic latitudes has the same reddening-reduced characteristics as that around the OB associations. This then would explain the observations of high gas-to-dust ratios for high latitude dust.
Zero Points of the Reddening Predictions vs. Minimum Reddening Lines-of-Sight
The BH method predicts large sections at high Galactic latitudes where reddening is predicted to be zero. Given the estimated error in BH zero point (see above), this -16 -really means lines-of-sight where E(B-V)< 0.01 mag. Eighteen (18) directions in Table 5 of 
Significant Differences and Two Specific Directions
In the difference map of BH and IR reddening predictions ( Figure 12 in Schlegel et al.) are areas, mostly at low Galactic latitudes, where the two sets of predictions vary significantly. However, it is not sufficient to simply calculate the differences in reddening predictions for the BH and IR methods, as illustrated by the development of the HI-to-reddening relations in the BH papers. One needs to have independent reddening estimates to identify which, if either method, is in error. Figure 5 plots the difference in BH and IR predictions versus the residuals from the -17 -(B-V) 0 -Mg 2 relation for the gE galaxies. Lines are drawn at the ±0.0453 mag level (i.e., 3 × 0.0151 mag) to identify those galaxies for which the BH and IR reddening predictions differ significantly. Nine galaxies, mostly in high-reddening directions, have predicted reddenings that differ by more than 0.043 mag (see Table 3 ). Interestingly, for all but one of these 9 galaxies, the IR reddening is significantly higher than the BH reddening.
Inspection of Table 3 shows that four galaxies have IR reddening predictions better than BH predictions, four galaxies have BH predictions better than IR predictions, and for one galaxy both predicted residuals are within 3σ, but of opposite sign.
Two specific regions in the sky were initially singled-out for special examination: the Perseus galaxies and the 11 galaxies in the "southern region" specified above. Figure 4 shows the predictions of the BH and IR methods differ systematically for the Perseus galaxies (cf. Table 3 ) which all lie in the same direction of the sky. Examination of BH and IR predictions for the (B-V) 0 -Mg 2 relation for these eight galaxies reveals that the IR prediction has smaller errors for six of the eight galaxies. However, for three of the galaxies both IR and BH errors are large. The Perseus galaxies are among the lowest-latitude, most heavily-reddened galaxies in the 7 Samurai sample. It is worth emphasizing again the observational difficulties of obtaining accurate B and V magnitudes for galaxies in highly-reddened, crowded stellar fields.
The 11 highly-reddened galaxies in the region 230
their BH reddening predictions halved for this paper. In contrast to the "note-added-inproof" in the Schlegel, Finkbeiner, & Davis (1998) paper, the adjusted BH predictions are in generally good agreement with gE galaxy colors (cf. Table 3 ). It is also noted that only 3 of these galaxies are in the much smaller region 230
• pointed out in the Schlegel, Finkbeiner, & Davis (1998) paper as having HI observational problems. The differences in predicted reddenings between BH and IR methods for these -18 -11 gE galaxies will be discussed in detail in §4.
3.5. The stellar populations of gE galaxies Couple this with the strong relation of stellar population with kinematics found in Bender, Burstein, & Faber (1993) , and one has some very severe constraints on how the family of elliptical galaxies has to be formed.
Of the 344/351 galaxies in low reddening directions, six galaxies have good agreement in BH and IR reddening predictions, but have ≥ 0.07 mag deviations in their (B-V) 0 colors, having them both too blue (2 galaxies) and too red (4 galaxies) for their Mg 2 measurements (see Table 3 ). The two galaxies which are too blue for their Mg 2 values have BH and IR reddening predictions that are too small to compensate for the blueness of their (B-V) 0 colors. Five of these galaxies have close, early-type galaxy companions (cf., Tully 1988; Faber et al. 1989) , while the sixth galaxy is in the Coma cluster (for which a close companion is hard to determine). It would be worthwhile to study the stellar populations in these 6 galaxies in more depth.
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Why the IR method should be more accurate than the BH Method
In Burstein & Heiles (1978a) was concerned with the result of Sandage (1973 Sandage ( , 1975 , who obtained a csc-law slope that was smaller (0.03 mag) in E(B-V) than that obtained by others at that time (0.05 mag). What Burstein & Heiles (1978a) found is the gE at low Galactic latitudes used by Sandage to calibrae his csc-law (ironically, in the Perseus cluster) lie preferentially in areas of low reddening compared to other lines-of-sight in the same region. In choosing galaxies (or stars) for study, one chooses brighter galaxies (stars) which lie preferentially in directions of lower Galactic reddening.
Now couple this selection effect with the fact that the distribution of dust is very
patchy on all size scales on which it has been measured (cf. Schlegel, Finkbeiner, & Davis 1998) , and the levels of patchiness increase and the size scales of the patchiness decrease as reddening increases. As a result, the predictive power of any line-of-sight reddening prediction of finite pixel size will deteriorate in accuracy as the line-of-sight reddening increases, and/or with larger pixel size.
On average, galaxies (or stars) chosen on the basis of their brightness will be chosen in regions that have less reddening than the average around them. This effect is minimal for low-reddening directions, where variation in reddening is mostly comparable to or larger than either the BH or the IR pixels, but becomes important for highly-reddened regions, where patchy reddening exists on small angular size-scales. Hence, there will be a tendency for both the BH and the IR methods to overestimate the reddenings of highly-reddened galaxies (i.e., produce galaxies with colors too blue), with the onset of these systematic effects occurring at lower reddenings for the larger BH prediction pixel than for the smaller IR pixel. This is likely the primary reason why the IR predictions are more accurate than the BH predictions in highly-reddened directions, and slightly more accurate in low-reddening directions.
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Inspection of Figures 2 shows that for E(B-V)(Ave) above 0.15 mag, there is a tendency
for the BH method to, indeed, overpredict the reddenings of the galaxies (makes the galaxies too blue). Inspection of Figure 6 in Schlegel, Finkbeiner, & Davis (1998) shows that for reddenings larger than E(B-V) = 0.20 mag, the IR-predicted values also systematically overestimate the observed reddenings. This is yet another reason for one to be careful if one wishes to extend either of these reddening prediction methods to high-reddening directions.
Many of the 7 Samurai galaxies with high reddenings are south of δ = −23.5
• , and only have HI predictions from the BH method. The fact that there is no zero point shift, even for the 11 "southern" gE whose HI-predicted BH reddenings have been halved (see §4)
indicates good consistency of HI measures, north and south.
Completeness Issues
BH: Areas in the south Galactic polar cap are missing BH predictions, as well as some directions elsewhere in the sky. The region 230
• needs special attention (see above). The reddening for M31 is that of M32 in the BH method, as the HI of M31 interferes with the measurement of HI in our Galaxy.
IR: There might be an overestimate of its zero point and higher scatter in their predictions related to high gas-to-dust ratios ( §4). No reddening prediction is made for M32, as the contribution of background M31 flux is uncertain (the opposite problem for this pair of galaxies than that faced by the BH method). The 5% of the sky not covered by the IRAS survey will have lower spatial resolution of the COBE/IR prediction than the rest of the sky. & Heiles 1978b) , then a curious difference emerges. The regions that are low gas-to-dust ratio in the Heiles maps correspond to regions where there is active star formation, and the regions of high gas-to-dust ratio surround these regions. As discussed in the BH paper, this makes sense if the high gas-to-dust ratio gas is due to the outflows from the star-forming regions. In contrast, in Figure 11 of Schlegel et al. the opposite occurs, as areas of higher gas-to-dust ratio tend to appear on that map inside regions of lower gas-to-dust ratios.
This discrepancy could be solved if Figure 11 of Schlegel et al. is really a map of gas-to-dust ratios, rather than what they advertise it to be. For now, however, this discrepancy stands.
There are two regions sampled by the gE galaxies where it is known a priori that the HI/dust ratio is high: around the North Galactic Pole and the 11 "southern" region
. Borrowing on the correlation seen for Figures 11 and 12 of Schelgel et al., their Figure 12 shows this "southern" region has the signature of patchy high gas-to-dust ratios. These 11 galaxies are listed in Table 3 (all 11 have an asterisk in their names).
Given that this is the only region for which there are both highly-reddened galaxies, and high gas-to-dust ratios, it is of interest to separately calculate the IR and BH reddening prediction errors for these particular 11 galaxies (these were not included in the error determination previously done). The value σ(IR : BV) is 0.0337 for the IR reddening predictions for these 11 galaxies, significantly higher than 0.0212 found for σ(BH : BV).
-22 -While 0.0337 for σ(IR : BV) is not out of line for IR values for high-reddened galaxies (cf. where we have galaxies with high reddening and high gas-to-dust ratios, that the value of σ(IR : BV) is much larger than that of σ(IR : BV).
Equally important, the IR method has has a zero point overprediction of 0.0165 mag in E(B-V) for these 11 galaxies, relative to the BH predictions (even after the average zero point difference between the two methods is eliminated). For these 11 galaxies the average zero point difference between IR and BH predictions is 0.033 mag in E(B-V), not 0.016 mag as found for the 378 gE sample (from which these 11 galaxies were excluded).
As reviewed in §3.1, there is good reason to think that the Galactic poles are dominated by regions of high gas-to-dust ratios, similar to that found around OB associations, as we may be passing through the remnants of an old, Heiles-like superbubble in the ISM. As The current evidence indicates that in regions of higher reddening, the IR minus BH zero point difference doubles to 0.033 mag.
Hence, if the IR method overpredicts E(B-V) in directions of high gas-to-dust ratios, with the size of the overprediction increasing as the degree of reddening increases, this would fully explain the zero point difference seen between the two methods.
Appealing to directions to see if a relation exists between gas-to-dust ratio and the IR vs. BH zero point.
One needs more highly-reddened, high gas-to-dust directions to make this test, the only such region in the present dataset is the southern hemisphere region discussed here.
The principal difference between BH and IR methods is that the BH method explicitly accounts for dust-to-gas ratio differences at low Galactic latitudes, while the IR method does not. As discussed in the previous section, there is reason to believe that variations in gas-to-dust ratio along different lines-of-sight in the Galaxy (which the IR method does confirm exist) are due to the modification of the dust grains in outflows from OB stars and supernova (cf. Greenberg & Li 1995) .
Thus, there are two lines of evidence that strongly suggest the IR method overestimates reddenings in directions with high gas-to-dust ratios: First, the IR method has a 0.016 mag in E(B-V) higher zero point than the BH method as primarily determined in regions of low reddening, with half the sample near the Galactic poles. Second, the IR predictions overestimate reddenings at twice this level relative to those from the BH method for highly-reddened galaxies in the one low latitude, high gas-to-dust region that is sampled by the 7 Samurai data set. A third, related issue is the close correlation of fine-leveled structure in the IR:HI and IR:BH maps in Schlegel, Finkbeiner, & Davis (1998) .
It is worth reflecting on the fact that to further test the IR predictions in regions of high gas-to-dust ratio and of moderately high reddenings, one is restricted to directions at relatively low latitudes. Yet, very few galaxy surveys include galaxies at low latitudes in their samples (unless one is probing the Zone of Avoidance itself). That there are any gE galaxies at low Galactic latitudes in the 7 Samurai sample is an accident of galaxy selection.
Rather, most investigations of galaxies avoid highly-reddened regions more because they -24 -lie in crowded stellar regions than they lie in highly-reddened directions (cf. the relatively high Galactic latitude limits of the Sloan Digital Sky Survey). Also due to the accident of their selection (from the ESO survey plates), most of the highly-reddened galaxies in the 7
Samurai survey lie below declination -23.5
• , the nominal northern galaxy count survey limit.
Unless a concerted effort is made to study gE galaxies at low northern hemisphere latitudes (with their concomitant observational problems) in directions where there is known high gas-to-dust ratios, further probing of the issue of high gas-to-dust dependency of the IR method (and the associated diminished reddening of dust relative to overall dust emission in those directions) will be difficult.
Summary
Both Burstein & Heiles (1978b) (the BH method) and Schlegel, Finkbeiner, & Davis (1998) (the IR method) permit one to independently predict line-of-sight Galactic reddening.
Both methods can be differentially calibrated using independent reddening estimates for objects situated beyond the Galactic reddening layer. The currently best data for this exercise are the (B-V) 0 colors and Mg 2 line strengths for giant elliptical (gE) galaxies, as it is found empirically ) that their stellar populations are remarkably uniform for these these parameters. This paper presents a revised 7 Samurai database from which reddening predictions can be made more accurately for 402 gE galaxies. Of these 402 gE galaxies, 12 lack direct BH predictions, one lacks direct IR prediction, and 11 galaxies lie in the southern region identified in Burstein et al. (1987) as needing an adjustment to the BH predictions (230
• ), leaving 378 galaxies for an objective, least-squares analysis.
Both BH and IR methods must assume zero points for their predictions. The BH method uses independent estimates of E(B-V) at the NGP and takes its zero point -25 -from the directions with the least amount of reddening and minimum amount of average stellar polarization (E(B-V) ∼ 0.00). The IR method assumes that there is a one-to-one relationship between dust emission/temperature and reddening. Because the IR method sees dust emission at the poles, the BH and IR methods differ in zero point by ∼ 0.02 mag.
The present analysis is consistent with this finding: IR zero point higher by 0.016 mag when the BH zero point is applied to the IR data, and higher by 0.019 mag when the IR zero point is applied to the BH data.
Two slopes are used for the (B-V) 0 -Mg 2 relation, owing to differences in how this relation can be defined. The sample is further divided into low/high reddening directions, as well as taking the whole dataset together (taking the low/high reddening cut at E(B-V) = 0.100). For each of these twelve data combinations, a system of four coupled equations in four unknowns are formed that can be solved in a least-squares manner for the intrinsic 1σ errors for four quantities of interest: BH-predicted reddenings; IR-predicted reddenings;
the agreement between the BH and IR reddening predictions, and the (B-V) 0 -Mg 2 relation itself.
In directions with E(B-V)<0.10 mag, IR prediction errors are 0.002-0.005 mag in E(B-V) more accurate than those of the BH method, yielding an average 1σ prediction accuracy of 0.007 mag. The IR method is more accurate (0.011 mag) than the BH method in most highly-reddened directions (0.024-0.025 mag). Owing to a selection effect first detailed by (Burstein & Heiles 1978a) , the higher accuracy of the IR method is likely related to its smaller pixel size on the sky (6 ′ ) compared to that of the BH method (18
Observational errors in the (B-V) 0 -Mg 2 relation are 0.027 mag in low reddening directions and higher in high-reddening directions, owing to observational issues in accurately measuring galaxy colors in crowded stellar regions. Only 6 galaxies, all likely companions of larger galaxies, are found in low-reddening directions for which their (B-V) colors are -26 -significantly too blue or too red for their Mg 2 line strengths. These galaxies are worth further investigations.
Discussion of the reddening at the North Galactic Pole is updated from that given in Burstein & Heiles (1978b) , but the same conclusion is drawn from newer data as was drawn then: there are directions around the NGP that have E(B-V)<< 0.01 mag; i.e, essentially not measurable. Furthermore, a plausible case can be made that the Solar System is presently moving through an old Heiles-type superbubble (Heiles 1979) , in which the dust has been affected by the same mechanism (a whittling-down of its ice mantles?;
cf. Greenberg & Li (1995) ) that produces high gas-to-dust ratios around OB associations (which are seen in both the BH and IR datasets).
IR and BH methods both find large variations in the HI-to-reddening ratio in the interstellar medium in our region of the Galaxy. High ratios of gas-to-dust are found specifically around nearby OB associations and at the Galactic poles. Both methods predict many lines-of-sight where E(B-V)< 0.015 mag, including five gE for which the IR method predicts E(B-V)< 0.008 mag.
There are two lines of evidence that the IR method overpredicts reddenings by E(B-V)∼ 0.02 mag in directions where there are high gas-to-dust ratios: the much larger errors and larger E(B-V) zero point (0.033 mag) of the IR method relative to the BH method for 11 highly-reddened gE galaxies in directions known to have high gas-to-dust ratios; and the existence of the E(B-V)∼0.02 mag zero point difference determined primarily at high Galactic latitudes, which are also directions of high gas-to-dust ratios. Another set of data which could bear on this issue, that of the IR:HI map published in Schlegel et al., seems to be at odds with a similar HI:dust map published in Heiles (1976) , and used by BH to correct for gas-to-dust ratio differences in their reddening map. While structure in the Given the good differential agreement between the BH and IR predictions for most directions where E(B-V)<0.100 mag, it is wise to compare the reddening estimates one gets from both methods to discover the systematic errors in both methods. In so doing, one can find out further information about what portions of the dust are doing the reddening, as this information is currently unknown. For example, the recent study of Colless et al. (2001) found that taking an average of the two methods yielded a more accurate result than from either method alone.
As long as there was one accurate method for predicting reddening along lines-of-sight (BH) in the Galaxy, the issue of the assuming the zero point of that method was apparently well-hidden from sight. The fact that there are now two accurate methods for predicting line-of-sight reddening in the Galaxy that have assumed different zero points gives us both the chance to learn more about the interstellar medium, but also places the onus of choosing a common zero point upon the user of either or both methods. Inspection of the reddenings from the two methods currently listed on the NED website brings this issue to the forefront. Having two accurate methods of predicting line-of-sight reddenings in our Galaxy gives one the ability to compare them in all directions that are used. Given that systematic differences do exist in these predictions, it is further recommended that the values of the two predictions be compared for consistency before averaging.
In closing, it is hoped that the Sloan Digital Sky Survey (SDSS) will provide a new treasure-trove of E galaxy colors and spectral line strengths which can be used to differentially test the BH and IR reddening predictions in many different directions.
Unfortunately, even the SDSS will not probe into highly-reddened, high gas-to-dust regions, -28 -leaving those kinds of investigation for the future. It is also hoped that Schlegel et al.
will post files on their website that tabulate both the gas-to-dust ratios that their method calculates and the IR to BH differences with the zero point difference between these data removed. Such tables would facilitate further studies of the the ISM, as well as differences in reddening predictions between the BH and IR methods. Note. -Column 1 is the name of the galaxy as given in Faber et al. (1989) ; Column 2 is its 1950 declination (needed to separate the BH subsets into north and south subsets), by which this table is ordered; Columns 3 and 4 are its Galactic longitude and latitude; Column 5 is its observed (B-V) color, not corrected for reddening; Column 6 is its revised Mg 2 line-strength, described above; Column 7 is its predicted BH reddening (negative values explicitly given); Column 8 is its predicted BH reddening with 0.019 mag added to bring it into zero point agreement with the IR method; Column 9 is its IR-predicted reddening as given by Schlegel et al.; Column 10 is its IR-predicted reddening with 0.016 mag subtracted, making it consistent in zero point with the BH prediction; Columns 11&12 are its differences in E(B-V), BH+0.019 mag minus IR and BH minus IR-0.016 mag, respectively (see definitions of these terms below); Column 13 averages the BH+0.019 mag and the IR mag predictions for this galaxy; Column 14 averages its BH and its IR-minus-0.016 mag predictions. -34 - Table 3 . Galaxies Separately Disucssed Note. -Column 1 gives the galaxy name; Columns 2 and 3 give the Galactic longitude and latitude of this galaxy; Columns 4-7 give, respectively, the BH reddening, the IR-0.016 reddening, the BH+0.019 reddening and the IR reddening predicted for this galaxy; Column 8 gives the difference, BH-IR, taking the average of the differences BH minus IR-0.016 and BH+0.019 minus IR; Columns 9-11 give, respectively, the difference in (B-V) 0 for this galaxy from the (B-V) 0 -Mg 2 relationship using: a) the average of the two BH predictions (BH, BH+0.019); b) the average of the two IR predictions (IR, IR-0.016), and c) the average difference overall by combining all four predictions.
-36 - and (e) the average of IR and BH+0.019 predictions. Figure 1 , the histograms for the highly-reddened galaxies are given as a dark line. IR values. The symbols for the galaxies in the Perseus cluster and in the high gas-to-dust, southern hemisphere region are as in Figure 2 .
